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We investigate the pair creation of black holes on cosmic string in the presence of a background
magnetic field. The string may either break or fray to produce a pair of accelerating black holes
described by Ernst metric. By using the instanton action we obtain the rate of such production. For
large values of background magnetic field the production of large black holes is probable. Comparing
our results with the case of black hole pair creation in magnetic field with no string, we show that
the presence of of the cosmic string can substantially enhance the production rate. We also provide
a heuristic study of black hole pair creation on cosmic string in the presence of a magnetic field
in the de Sitter background. Like cosmic string, the presence of a positive cosmological constant
increases the production rate. This study shows that the pair creation of black holes of mass larger
than the Planck mass is most probable in the inflationary era.
I. INTRODUCTION
Black hole pair creation has been an interesting sub-
ject, in the past few decades, mostly because it leads to
a deeper understanding of the black hole entropy [1–4].
In fact, it has been shown in [2] that the pair production
amplitude contains a factor of eSbh , where Sbh denotes
the black hole entropy. This is consistent with the view
that eSbh measures the number of black hole (internal or
surface) states.
A possible mechanism to produce black hole pairs is
through breaking of a cosmic string [5] (see also [6]).
The string could also “fray” to create black hole pair [7].
When there is no background magnetic field, it has been
shown in [8] that the tension of the strut between the
two black holes, µ4, must be smaller than the tension of
the string, µ3, from each black hole to infinity. Given the
constrain on the tension, µ3, µ4 ≤ 2× 10−7 [9], in either
case of breaking or fraying of the cosmic string, the rate
of the pair production is negligibly small for black holes
of mass larger than the Planck mass [5, 7].
On the other hand, pair creation of black holes in
a background magnetic field, with no string, has been
widely studied in the literature [1, 3, 10]. Using the in-
stanton action, the rate of this process is found in the
semiclassical approximation. As we show explicitly in
this paper, for observationally viable values of the inter-
galactic magnetic field, the production rate of black holes
of mass larger than the Planck mass is negligibly small.
In this paper, we investigate the pair production of
black holes on cosmic string in the presence of a back-
ground magnetic field. To find the rate of this process,
we use the action, I, of instanton interpolating between
two following states. The first state is a spacetime with
magnetic field and a cosmic string of tension µ3. We re-
fer to this state as background spacetime. In the second
state, which we refer to as physical spacetime, we have
∗ amjad@ipm.ir
† mbj.poshteh@gmail.com
two black holes, each connected to a string of tension µ3
that runs to infinity. There may also be a strut between
these two black holes with tension µ4. This configuration
is in the presence of a magnetic field.
For a general value of the background magnetic field,
we use numerical analysis and we find the the instan-
ton action decreases as the background magnetic field
increases. Since the pair production rate is given by e−I ,
we find that for larger values of the background magnetic
field the pair production is more probable.
We find an explicit relation for the action I in the weak
field limit. We compare this action, with that of the pair
creation of black holes in a background magnetic field
and no string. Using the cosmologically viable values for
the tension of the cosmic string and the background mag-
netic field, we show that the presence of the string would
decrease the value of the action and, hence, increase the
production rate.
We also study how the presence of a positive cosmo-
logical constant effects on the black hole pair creation
rate in presence of background magnetic field. We find
that the pair creation rate is higher in a de Sitter (dS)
background. During the inflation, where the cosmological
constant has its highest value, black hole pair production
is the most probable.
The outline of the paper is as follows. In the next sec-
tion we review the Ernst metric which describes a pair
of black holes connected to semi-infinite cosmic strings,
in a background magnetic field. We study the produc-
tion rate of such pairs in Sec. III by using the instanton
action. The weak filed limit of this action is studied in
Sec. IV where we provide some examples to show how the
presence of a cosmic string would decrease the action. A
heuristic derivation of the action in a dS background is
presented in Sec. V. We conclude our paper in Sec. VI.
We use the units in which G = c = h¯ = 0 = 1.
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2II. BLACK HOLE PAIR ON A COSMIC STRING
Before the pair creation, the spacetime consist of a
cosmic string with tension µ3 in a magnetic field. We
call this state, the background spacetime and it will be
described by Melvin solution [11]
ds2 = Γ¯2
[−dt2 + dz2 + dρ2]+ Γ¯−2ρ2dφ¯2, (1)
Γ¯ = 1 +
1
4
Bˆ2Mρ
2,
where BˆM denotes the magnetic field, and the gauge po-
tential is given by 2Γ¯Aφ¯ = BˆMρ
2. The cosmic string
results in a deficit angle δ3 = 8piµ3 in the azimuthal co-
ordinate, so ∆φ¯ = 2pi − δ3.
After the pair creation, the spacetime, which now we
refer to as physical spacetime, will be given by the Ernst
metric [12]
ds2 = r2Γ2
[
G(y)dt2 −G−1(y)dy2 +G−1(x)dx2]
+
r2G(x)
Γ2
dφ2, (2)
Aφ = − 2
BΓ
(
1 +
1
2
Bqx
)
+ k,
where r = A−1(x − y)−1 represents the radial coordi-
nate [13], and
Γ =
(
1 +
1
2
Bqx
)2
+
1
4
r2B2G(x), (3)
G(ξ) = (1 + r−Aξ)(1− ξ2 − r+Aξ3).
The parameter q2 = r−r+ is related to the charge of the
black hole and the mass of the black hole is given by m =
(r− + r+)/2. This solution describes two charged black
holes accelerating from each other. The acceleration is
given by the parameter A with its inverse representing
the typical distance between the two black holes at the
time of their creation [14].
The physically interesting case is the one in which the
function G(ξ) has four real roots. One root is given by
ξ1 = −1/(r−A). To have three other real roots we need
to restrict the parameters so that r+A ≤
√
4/27, which
means that the black holes should be small and/or they
should be far apart from each other. For r+A  1 one
finds the remaining roots as follows
ξ2 = − 1
r+A
+ r+A+ · · · , (4)
ξ3 = −1− r+A
2
+ · · · ,
ξ4 = 1− r+A
2
+ · · · .
To obtain the correct signature of the metric (2), we
require ξ3 ≤ x ≤ ξ4 and −∞ < y ≤ x. The surfaces y =
ξ1, ξ2 , ξ3 correspond to black hole inner horizon, event
horizon, and acceleration horizon, respectively. Also x =
ξ3 and x = ξ4 are axes that point to spatial infinity and
to the other black hole, respectively. The parameter k,
in the gauge potential of Eq. (2), will be chosen so as to
confine the Dirac string singularities to the x = ξ4 axis.
It should also be mentioned that the parameter B in the
Ernst metric is related to the physical magnetic field Bˆ
by [10]
Bˆ =
BG′(ξ3)
2L3/2
, (5)
where L = Γ(ξ3). It could be easily shown that in the
weak field limit Bˆ = B to the leading order of back-
ground magnetic field. Also, the physical charge of the
black hole is defined by qˆ = 1/(4pi)
∫
F , where F denotes
the Maxwell field [10]. Integration over a two sphere sur-
rounding the black hole yields
qˆ = q
∆φ (ξ4 − ξ3)
4piL1/2
(
1 + 12Bqξ4
) , (6)
where ∆φ is the period of the azimthal coordinate.
Consider the angular part of the Ernst metric (2)
dΦ2 = r2
[
Γ2
G(x)
dx2 +
G(x)
Γ2
dφ2
]
. (7)
Using the change of variable θ =
∫ x
ξi
ΓG−1/2(x)dx, near
the poles x = ξi (i = 3, 4), we obtain
dΦ2 = r2
[
dθ2 +
G′2(ξi)
4Γ4(ξi)
θ2dφ2
]
. (8)
We are interested in a configuration in which each black
hole is connected to a string with deficit angle δ3 that
runs to infinity and a strut with deficit angle δ4 that
goes to the other black hole. In such case, one can show
that the following relation holds near the poles
|G′(ξi)|
2Γ2(ξi)
∆φ = 2pi − δi, i = 3, 4. (9)
Now we write the period of the azimthal coordinate in
terms of ξ3
∆φ =
2L2
G′(ξ3)
(2pi − δ3) . (10)
It is easy to show that G′(ξ3) > 0. By using Eqs. (9)
and (10), we find∣∣∣∣G′(ξ4)G′(ξ3)
∣∣∣∣ L2Γ2(ξ4) = 2pi − δ42pi − δ3 . (11)
This relation would leads to the Newton’s law in the weak
field limit Bq  1. In observationally important case we
have δ  1. We are also working in the limit which the
size of the black hole is small compared to the typical
3distance between them (the so called small black hole
limit). Then Eqs. (4) and (11) would result in
mA = (µ3 − µ4) +Bq. (12)
Now consider the first two terms of the Ernst metric
(2). By Wick rotating the time coordinate t = iτ and
following a similar calculations as above, we find that the
period of the imaginary time at the surfaces y = ξi (i =
2, 3) is ∆τ = 4pi/|G′(ξi)|. For the case of extreme black
hole, ξ1 = ξ2, the surface y = ξ2 is infinitely far away
from any point in the Euclidean sector of the metric [3].
As a result, one does not worry about the periodicity of
τ at this surface (In this case we take ∆τ = 4pi/G′(ξ3)).
For the non-extreme case we request that y = ξ2 and
y = ξ3 have the same periodicity of τ , or equivalently,
have the same temperature 1/β. So
∆τ = β =
4pi
G′(ξ3)
= − 4pi
G′(ξ2)
, (13)
which leads to the following relation for the non-extremal
case
ξ4 − ξ3 = ξ2 − ξ1. (14)
III. PRODUCTION RATE OF BLACK HOLE
PAIR ON A COSMIC STRING IN PRESENCE OF
BACKGROUND MAGNETIC FIELD
In this section, we are going to obtain the rate of black
hole pair production on cosmic string in the presence of a
background magnetic field. To do so, we use the action of
the instanton that interpolates between background and
physical spacetimes. Based on the reasoning of [5, 15],
this action is equivalent to the Euclidean action
I = βH − 1
4
∆A, (15)
in the extremal black hole case, and
I = βH − 1
4
(∆A+Abh) , (16)
in the non-extremal case. 1 Here ∆A is the difference
between the area of the acceleration horizon in physical
and background spacetimes. Abh is the area of the black
hole, and the Hamiltonian H is given by [15]
H =
∫
Σ
NH− 1
8pi
∫
S2∞
N
(
2K − 2K0
)
, (17)
1 The extra term in Eq. (16) relative to Eq. (15) shows that the
production rate in non-extreme case is enhanced by eSbh , where
Sbh = 1/4Abh is the entropy of the non-extremal black hole, as
the the entropy of extremal black hole is zero [3]. See also [16]
to find out why only the entropy of one of the black holes enter
the equations.
where N is the lapse function and Σ is the constant time
hypersurface. H is the Hamiltonian constrain which van-
ishes on the solution. S2∞ is the boundary of Σ and
2K
and 2K0 are the extrinsic curvature of this boundary in
physical and background spacetimes, respectively. Note
that S2∞ has been chosen so as to match in physical and
background spacetimes. This way, a calculation similar
to that of [3] would result in the conclusion that the sec-
ond integral in Eq. (17) also vanishes.
Now, we are going to find area of the black hole hori-
zon, Abh, which appears in the action (16) for non-
extremal black holes. The event horizon is at y = ξ2
in the Ernst metric (2). We find, by using (10),
Abh =
∫
y=ξ2
√
gxxgφφdxdφ
=
2L2
A2G′(ξ3)
(2pi − δ3) ξ4 − ξ3
(ξ3 − ξ2) (ξ4 − ξ2) . (18)
Now, we proceed to find the area of the acceleration
horizons. Recalling the definition of the radial coordi-
nate, r = A−1(x − y)−1, and the restrictions on x and
y, we note that equalities x = y = ξ3 show the spatial
infinity. To find the area of the acceleration horizon in
the Ernst metric, which is located at y = ξ3, we integrate
from x = ξ4 to x = ξ3 + , and will take the limit  → 0
at the end. We would find
A =
∫
y=ξ3
√
gxxgφφdxdφ
=
2L2
A2G′(ξ3)
(2pi − δ3)
(
1

− 1
ξ4 − ξ3
)
. (19)
The area of the acceleration horizon in the Melvin metric
(1) is
A¯ =
∫
ρdρdφ¯ =
2pi − δ3
2
ρ¯2. (20)
By requiring that the proper length of the boundary and
the integral of the gauge potential around the boundary
be the same in Ernst and Melvin metrics, it has been
found in [3] that
ρ¯2 =
4L2
A2G′(ξ3)
(
1 +
G′′(ξ3)
4G′(ξ3)

)2
. (21)
Substituting ρ¯ from the above equation into Eq. (20), we
obtain
A¯ ' 2L
2
A2G′(ξ3)
(2pi − δ3)
(
1

+
G′′(ξ3)
2G′(ξ3)
)
. (22)
To find the second term in the above equation we note
that one could write the function G(ξ) as
G(ξ) = −(r−A)(r+A)(ξ−ξ1)(ξ−ξ2)(ξ−ξ3)(ξ−ξ4). (23)
4By using Eqs. (19) and (22) we find that
∆A = A− A¯ = − 2L
2
A2G′(ξ3)
(2pi − δ3)
×
(
1
ξ3 − ξ1 −
1
ξ3 − ξ2
)
. (24)
By substituting this equation along with Eq. (18) into
Eq. (16), and using the non-extremality relation (14), we
obtain
I =
L2
A2G′(ξ3)
(
2pi − δ3
ξ3 − ξ1
)
. (25)
The same equation would be found for the action of ex-
tremal black hole, by using Eqs. (15) and (24) and the
relation ξ2 = ξ1.
Here we would like to study the action (25) for the
case in which q = m (or equivalently r+ = r−). We have
restricted the black holes to be small on the scale set by
the acceleration. That is, we are considering the case in
which r+A 1. By using this condition, we could show
from (5) that
Bˆ ' 8B
(2−Bm)3 . (26)
We see that Bˆ goes from zero to infinity as B changes
from zero to 2/m.
On the other hand, for the case q = m, Eq. (25) could
be written as
I ' m(Bm− 2)
4
32A
(2pi − δ3) , (27)
where the parameter A has to satisfy Eq. (11). We have
not been able to solve Eq. (11) analytically, to find A
for a general value of B. However by using numerical
methods, we have used Eqs. (26), (27), and (11) to plot
the action as function of physical magnetic field Bˆ for the
q = m case in Fig. 1. It is obvious from this figure that
the instanton action decreases as the physical magnetic
field increases. Therefore, e−I → 1 as Bˆ → ∞, which
means that the black hole pair production rate increases
by increasing the magnetic field.
IV. WEAK FILED LIMIT OF THE ACTION
We see from Fig. 1 that the action for the pair produc-
tion of black holes of masses larger than the Planck mass
is of order unity, only when the physical magnetic field
is about 10 or larger. This is much larger than the value
of intragalactic magnetic field, which is less than about
10−63 in natural units [17]. In fact, in cosmologically in-
teresting case, it would be enough just to study the weak
filed limit of the action (25).
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FIG. 1. The action as a function of the physical magnetic
field for the q = m case. We see that the action decreases
by increasing the physical magnetic field Bˆ. We have set
m (= q) = 10, µ3 = 2× 10−7, and µ4 = 10−7.
In the weak field limit, the physical magnetic field (5)
and charge (6) can be approximated by
Bˆ ' B
[
1− 1
2
Bq − 2 (µ3 − µ4)
]
, (28)
qˆ ' q (1− 4µ3) [1 + 2 (µ3 − µ4)] , (29)
where we have used Eq. (10). These expressions re-
duce to the ones derived in [18] when µ3 = 0. Using
these equations, along with the Newton’s law (12) and
the non-extremality relation (14), one can write all the
parameters in terms of Bˆ, qˆ, µ3, and µ4
r± ' Qˆ
[
1− 2 (µ3 − µ4)±
(
BˆQˆ+ µ3 − µ4
)]
, (30)
q ' Qˆ [1− 2 (µ3 − µ4)] , (31)
A ' Bˆ
[
1 +
1
2
BˆQˆ+
µ3 − µ4
BˆQˆ
(
1 + 2BˆQˆ
)]
, (32)
where Qˆ = qˆ (1 + 4µ3). Again see similar expressions in
[18], when µ3 = 0.
By substituting the parameters (30)-(32) into Eq. (25)
we find the weak field approximation of the action as
I ' piQˆ2 (1− 4µ3)
[
1
BˆQˆ
− 1
2
− µ3 − µ4
Bˆ2Qˆ2
]
. (33)
If we have no string, µ3 = µ4 = 0, one obtains the re-
sult of [10]. Hence, Eq. (33) is also in agreement with
Schwinger result [19].
Now we study the action in the case where q = m and
we are also in the weak field limit. In this case, the action
(25) can be written as
I ' pim(1− 2Bm)
A
(1− 4µ3) . (34)
By using Eqs. (12) and (28) one can rewrite the above
equation as
I ' pim
2 [1− 2 (J + µ3 − µ4)] (1− 4µ3)
J − 1 + [1 + 2 (µ3 − µ4)] (µ3 − µ4) , (35)
5where the auxiliary function J is
J =
√
[1− 2 (µ3 − µ4)]
[
1− 2
(
Bˆm+ µ3 − µ4
)]
.
Let us see how the presence of the cosmic string would
change the rate of the production. Suppose that a pair
of black holes, each of mass m = 10, pop up in the back-
ground magnetic field Bˆ = 10−63 which is the today’s
value of the intragalactic magnetic field. Substituting
these values into Eq. (35) with µ3 = µ4 = 0, we find
I ' 3.141592 × 1064 for the action of this pair creation.
Let us compare this with the case where Bˆ = 10−63,
m = 10, and µ3 = µ4 = 2× 10−7 i.e., when the pair cre-
ation of black holes occurs on a cosmic string with uni-
form tension. In this case, we find I ' 3.141590 × 1064,
which is slightly smaller than when black holes pair is cre-
ated from vacuum. This is due to the factor 1−4µ3 in Eq.
(33). This implies that the presence of the string, even if
it does not fray or break, reduces the action, although for
the cosmic strings with observationally relevant values of
tension, the change in the action will be quite small.
Now let us assume that we have a string of tension
µ3 = 2 × 10−7 in the Melvin universe (recall that this
is the upper limit on the tension of the cosmic string).
Assume that the string frays and produces a pair of black
hole with the same mass m = 10. Let us take µ4 = 10
−7,
for the tension of the strut between the two black holes.
Also take the same value of the background magnetic
field as above, Bˆ = 10−63. Substituting these values into
the action (35), we find I ' 3.141590 × 109. 2 This is
much smaller than the value of the action in the absence
of the string.
In the early universe, the background magnetic field
can be much stronger. It is supposed to be of the or-
der Bˆ = 10−13 in natural units at the end of inflation-
ary era 3. Using this value of the background magnetic
field along with µ3 = µ4 = 0 and m = 10, we find
I ' 3.141592× 1014. For the case of pair creation on the
cosmic string in the early universe, we use µ3 = 2×10−7,
µ4 = 10
−7, m = 10, and Bˆ = 10−13. By substituting
these values into Eq. (35), we find I ' 3.141559 × 109.
One notices that the value of the action for pair cre-
ation on a cosmic string at the end of the inflationary
phase does not differ significantly from its current value,
although without cosmic string, the action reduces sig-
nificantly.
We find from Eq. (35) that for fixed values of the pa-
rameters, the action is minimized if the string breaks, i.e.
µ4 = 0. For Bˆ = 10
−63, m = 10, µ3 = 2 × 10−7, and
2 We note that if we omit the factor (1− 4µ3) in Eq. (35), we
would find I ' 3.141592 × 109. Therefore, the contribution of
this factor is very small compared to the changes of the action
upon breaking/fraying of the cosmic string.
3 We have assumed that the observed intragalactic field, has been
produced during inflation but its strength has reduced super-
adiabatically, B ∝ a−2, since then.
µ4 = 0 we find I ' 1.570795 × 109. On the other hand
if the cosmic string does not fray/break, one finds the
maximum value of the action for a given set of the pa-
rameters, even though we should stress that the obtained
value in this case is slightly smaller than the value of the
action when the pair creation of black holes takes place
only in presence of background magnetic field without a
cosmic string.
We also see from Fig. 2 that for fixed µ3, µ4, and Bˆ,
the action (35) would increase by increasing the mass of
the black holes. One concludes that the probability of
pair producing more massive black holes is smaller.
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FIG. 2. The action for the q = m case in the weak field
limit as a function of black hole mass. We see that the action
increases by increasing the mass of the black holes. We have
taken µ3 = 2× 10−7, µ4 = 10−7, and Bˆ = 10−63.
V. HEURISTIC DERIVATION OF THE
PRODUCTION RATE IN A DE SITTER
BACKGROUND
In this section we study black hole pair production on
cosmic string in the presence of a background magnetic
field along with a positive cosmological constant Λ. The
rate of black hole pair creation in dS background has been
first studied in [20], and further investigated in [21]. It
was shown that the action of the instanton that mediate
between dS spacetime and dS spacetime with a pair of
black holes, each of mass m, is I = pim
√
3/Λ. Later,
in [22], a cosmic string was invoked in a dS background
and the rate of black hole pair production has been stud-
ied.
To study the pair production of dS black holes in the
presence of a background magnetic field, one needs a dS
version of the Ernst metric. However such solution does
not exist [23]. In fact, Ernst has used an Ehlers-Harrison
type transformation [24, 25] to add the magnetic field to
the C metric. But, applying this transformation to the
cosmological C metric would not yield a new solution to
the Einstein-Maxwell theory [23].
Nonetheless we can deal with this problem heuristi-
cally. One can think of a positive cosmological constant
6doing the same role as the cosmic string; in the sense that
it provides the energy to materialize the pair of black
holes and, also, provides the force to accelerate the black
holes apart.
To find the acceleration caused by a positive cosmo-
logical constant, we recall that the Newtonian potential
of dS spacetime is 16Λr
2. The force per unit mass or the
acceleration would then be 13Λr, where r is the dS radius
given by r =
√
3/Λ. Therefore, in the weak field limit,
we can modify the Newton’s law (12) to be
mA = µ˜+Bq, (36)
where µ˜ = µ3 − µ4 + m
√
Λ/3. Likewise, we can modify
the actions (33) and (35) by replacing µ3 − µ4 by µ˜.
Consider, for instance the q = m case in the weak field
limit. The dS counterpart of the the action (35) is
I '
pim2
[
1− 2
(
J˜ + µ˜
)]
(1− 4µ3)
J˜ − 1 + (1 + 2µ˜) µ˜ , (37)
where
J˜ =
√
(1− 2µ˜)
[
1− 2
(
Bˆm+ µ˜
)]
.
In the limit Λ  m−2, and Bˆ, µ3, µ4 → 0, Eq. (37)
reduces to I ' pim√3/Λ, to leading order of Λ. This is
consistent with the result of [21] for the case of lukewarm
black holes in which one has non-extreme black holes
satisfying q2 = m2 [26].
We note here that if we modify the parameters (30)-
(32) to include the cosmological term and substitute
them into Eq. (25), then, the limit Λ  m−2, and
Bˆ, µ3, µ4 → 0 would lead to I ' pim
√
3/Λ as well. This
is because in this limit we have r+ → r−, or equiva-
lently q → m. Therefore, again we are left with luke-
warm black holes. This result shows that the lukewarm
instanton is the only one available for non-extreme black
holes, for which the conical singularities are eliminated
at both y = ξ2 and y = ξ3 horizons in a dS background
(see [21] and [22]).
Now let us study the action (37) through some ex-
amples, considering the current bounds on the physical
quantities. For Bˆ = 10−63, µ3 = 2 × 10−7, µ4 = 10−7,
m = 10, and Λ = 10−122 we find I ' 3.141590× 109. On
the other hand, if we have no string (i.e. µ3 = µ4 = 0)
and keep the other parameters the same, we find I '
5.348755× 1062.
For the inflationary era, by taking Bˆ = 0, Λ = 10−12,
m = 10, and µ3 = 2× 10−7, and µ4 = 10−7, we find I '
5.348751×107. For the no string case (i.e. µ3 = µ4 = 0)
it is I ' 5.441398× 107, which is a bit larger. Although
the value of the action for pair creation of black holes
would not change significantly during inflation regardless
of the presence of the cosmic string, the action is still
considerably smaller in this era than the time it frays in
presence of today background magnetic field.
VI. CONCLUDING REMARKS
The rate of the black hole pair production (per unit
time per unit length of the cosmic string) is given by
e−I . We see from Fig. 1 that as the background magnetic
field increases the black hole pair creation would be more
probable.
Since the background magnetic field is very small, we
could safely use the weak field limit of the action in cos-
mological applications. We have compared the pair cre-
ation of black holes in a background magnetic field (and
no string) with that on a cosmic string in the presence
of the background magnetic field. We have shown that
the presence of the cosmic string, even with the obser-
vational bound on its tension, would decrease the action
significantly.
In [18], the production rate of black hole pair, con-
nected by a strut but with no string, was obtained in
the Melvin universe. It was shown that this rate is sup-
pressed relative to the case where no strut is present.
Here we showed that if a cosmic string is present in the
Melvin universe from the beginning, the pair production
rate is enhanced.
In the early universe at the end of the inflationary era,
the background magnetic field is expected to be much
larger if they are produced during inflation. We find
that the action of the pair production in no string case
could be much smaller in that period. However if the pair
production took place on a cosmic string, the value of the
action at the end of the inflationary era and present day
universe do not differ significantly.
We have also presented a heuristic derivation of the
production rate on cosmic string in the presence of a
background magnetic field in dS spacetime. Like the
cosmic string the presence of a positive cosmological con-
stant decreases the action, hence increases the production
rate. By using the action obtained in this way, we find
that the pair creation is the most probable in the infla-
tionary era. Contrary to the epoch after inflation, the
black hole pair creation rate during inflation is nearly
insensitive to whether it takes place on a cosmic string.
[1] D. Garfinkle and A. Strominger, Physics Letters B 256,
146 (1991).
[2] D. Garfinkle, S. B. Giddings, and A. Strominger, Phys-
ical Review D 49, 958 (1994).
[3] S. W. Hawking, G. T. Horowitz, and S. F. Ross, Physical
Review D 51, 4302 (1995).
[4] I. Booth and R. B. Mann, Physical review letters 81,
5052 (1998).
[5] S. W. Hawking and S. F. Ross, Physical review letters
75, 3382 (1995).
7[6] A. Achucarro, R. Gregory, and K. Kuijken, Physical
Review D 52, 5729 (1995).
[7] D. M. Eardley, G. T. Horowitz, D. A. Kastor, and
J. Traschen, Physical review letters 75, 3390 (1995).
[8] A. Ashoorioon and R. B. Mann, Classical and Quantum
Gravity 31, 225009 (2014).
[9] U. Seljak, A. Slosar, and P. McDonald, Journal of Cos-
mology and Astroparticle Physics 2006, 014 (2006).
[10] F. Dowker, J. P. Gauntlett, S. B. Giddings, and G. T.
Horowitz, Physical Review D 50, 2662 (1994).
[11] M. A. Melvin, Phys. Letters 8 (1964).
[12] F. J. Ernst, Journal of Mathematical Physics 17, 515
(1976).
[13] W. Kinnersley and M. Walker, Physical Review D 2, 1359
(1970).
[14] O. J. Dias, Physical Review D 70, 024007 (2004).
[15] S. W. Hawking and G. T. Horowitz, Classical and Quan-
tum Gravity 13, 1487 (1996).
[16] R. Emparan, Physical Review D 52, 6976 (1995).
[17] A. Ashoorioon and R. B. Mann, Physical Review D 71,
103509 (2005).
[18] R. Emparan, Physical review letters 75, 3386 (1995).
[19] J. Schwinger, Physical Review 82, 664 (1951).
[20] F. Mellor and I. Moss, Physics Letters B 222, 361 (1989).
[21] R. B. Mann and S. F. Ross, Physical Review D 52, 2254
(1995).
[22] O. J. Dias and J. P. Lemos, Physical Review D 69,
084006 (2004).
[23] O. J. Dias and J. P. Lemos, Physical Review D 67,
064001 (2003).
[24] J. Ehlers, in Les theories relativistes de la gravitation
(CNRS, 1959) pp. 275–284.
[25] B. K. Harrison, Journal of Mathematical Physics 9, 1744
(1968).
[26] L. Romans, Nuclear Physics B 383, 395 (1992)
